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Evidences of microbial colonizations were observed in Altamira Cave, Spain. These consisted of distinct small coloured colonies, both 
on walls and ceiling, mainly located in the area near the cave entrance, which progressed until reaching the Polychromes Hall. The 
colonizations were characterized by a high morphological and microstructural variability and related to biomineralization processes. 
Two main types of CaCO3 deposits were related to the colonies: rosette- or nest-like aggregates of rhombohedral calcite crystals, and 
spheroid to hemispheroid CaCO3 elements. Colonies distribution seems to be controlled by microenvironmental conditions inside the 
cavity. The areas of the cave showing higher temperature, relative humidity, and CO2?????????????????????????????????????????????
biomineralization capability.
Keywords: Geomicrobiology, biomineralization, vaterite, Altamira Cave
Received 29 October 2008; Revised 9 December 2008; Accepted 10 December 2008
?????????????????????????? ???????????? ???? ?????????????
?????????????????? ????????? ??? ?? ?????? ??????? ?????
??????????? ??? ???? ?????? ?????? ??????????? ????????
???????? ???? ?????????? ???????? ? ???????? ???????????
????????????????????????????????????????????????????
???????????????
???? ?? ? ??? ?????????????? ????????? ??? ??? ??????????
???? ????????????? ???????? ?????????? ??????????????
???? ?????????????? ???????????? ???? ???? ??? ????? ????









?????????????? ?????????????????????? ?????? ?????????
?????????????????????????????????????????????????????
?????????????????????????????????????????????????????
????? ?????? ???????? ??????? ???? ????????????????????
??????????? ?????? ????????? ?? ? ?????????????????????
??????????????????????????????????????????????????
???????? ?????????????????????????? ????????????????
????????? ??????? ???? ????? ?????? ???? ????????????
???? ????????? ????????? ??????????????? ???? ?????????
????????????? ???????????? ?????????? ??????? ????????
?????????????????????????????????????????????????????




?????????? ??????? ???????? ???????? ??? ???? ???? ??? ????
?????????? ?????? ??????????????? ?????????? ????????????
??????? ???????????????????????????
?????????????????????????????????????? ?????????????
???? ???????? ????? ???? ????? ?????????? ?????? ?? ???????
???????????????????????????????????????????????????????
????????? ?????????? ????? ?????????? ?????? ??????????????
????? ?????? ????????????? ????????? ???? ????? ????????
????????? ???? ??????????? ??????? ???? ???????????????
???????????????????????????????????????????????????
??? ?????????????????? ????????? ??????? ?????????????????
???????????? ??????? ?????????? ?????? ?????? ?????????????
?????? ???? ???? ?????????????? ???????????? ??????????
????????????????????????????????????????????????????
???????????? ?????? ??????????? ???????????? ???? ?????
???????????? ?????????? ?? ??? ?????????? ???? ????????
???????????????????
????????????????????????????????????????????????????
???????? ????????? ??????????????? ???????????? ????
????????????? ????????? ????? ???????? ????? ????
??????????????????????????????????????????????????????
?????????? ???? ???????? ????????? ???? ???????????
??? ?????? ???????????? ?????? ????? ?? ???????? ?????????
????????? ???? ???????????????? ????????????????? ???
???? ?????????? ?????????? ????????? ???? ??????????
?????? ?? ?????? ?????????? ??????????????????????? ??
???????????????????????????????????????????????????
?????????????????? ??????? ???????????????????????
???? ?? ???????? ????? ????? ??????????????????
????????????? ???????????????????? ??????????????????
????????????????????????????????????????????????????
????? ?????? ????? ???????? ???? ???????????? ????
?????????????????????????????????????????????????????
???? ??????????? ???????? ????????? ??? ? ?????? ????







????????? ????? ???? ?? ??????? ???????? ???? ?????? 
??????????????????? ??????????? ??????????? ???? ????? 
???? ?? ???? ??????? ????????? ????? ???? ???????? 
???? ???????????? ??????? ??????? ????????? ???????? ??
??????????? ???????? ???????? ???? ????? ?? ???????? ????






???? ????????????? ???? ????????????? ??????????????? ???
????????? ???? ????????? ????????? ?????????? ?????? ?????
???????? ??? ???????? ??? ???? ?????????? ????????? ???????
???????????? ???? ???????? ???? ???? ??????? ?????????
????????? ???? ????? ????? ??????? ?????? ???? ?????
??? ???? ?????? ?????? ?? ?????? ????? ???? ????? ?????????
???????????????????????????????????????????????????????
????????? ???? ??????? ???? ?????????????? ??????? ???
???? ????? ????????? ??????? ????? ??? ?????? ????? ??? ??
???????????????????????????????????????????????????????
?? ??????????? ???? ?????? ?????? ?????? ???????????? ???
????????????????????????????????????????????????????




Colonization of the substratum and distribution of 
colonies
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Fig. 1   a) Location of Altamira Cave (Cantabria, Northern Spain); b) 
Map of the cave and study area.
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Fig. 2. Evolution of air temperature in Altamira Cave during an annual cycle in different parts of the cave. The numerical values correspond to the 
ranges of variation of annual temperature in each zone (in º C).
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Entrance or
Kitchen Hall Crossing Polychromes Hall Walls Hall Grave Hall
min max min max min max min max min max
Temperature (ºC) 12.94 17.19 13.16 15.26 12.97 14.60 12.95 14.83 12.95 13.21
RH (%) 92 100 98 100 98 100 98 100 98 100
CO2 in air (ppm) 360 4660 - - 572 5260 464 6330 - -
Fig. 3. a) Areas of preferential distribution of the different types of colonizations in Altamira Cave; b) View of a wall where the main types are 
observed: yellow-, grey- and white-colored colonies.
Microbial Communities and Associated Mineral Fabrics in Altamira Cave, Spain
International Journal of Speleology, 38(1), 83-92  Bologna (Italy). January 2009
??
??? ???? ?????? ?????? ?????? ????? ????????? ??????? ???
????????????????????????????????????????????????????
??????????????????????????????????????????????????????
????? ???? ????????? ??? ???? ???????????? ?????? ??????
?????? ????????? ????? ???????? ??? ????? ????????? ??????
??? ???? ?????? ?????? ??????????????????? ???????????
???????????????????????????????????????????? ?????????
???? ?????? ?????? ?????? ?????????? ??? ???????? ????????
????????????????????????????????????????????????????????
???? ????? ???? ??????????? ???? ???????????? ?????? ????
???? ????? ????????? ??? ???? ????????? ????? ???? ??? ????
??????????????????????????????????????????????????????
?????????? ????? ????????? ?? ????????????????? ?????
????? ?????? ???? ?????? ??????????? ???????? ????????????
?????? ???? ?????? ??????????? ?????? ????????? ?????? ????
?????????????????????????????????????????? ????????????
??????????? ???????????? ?????????????? ?????????? ??? ????






????? ????????? ??? ???? ????????????? ?????? 
??????????????????????????????????????????????????????
??????? ????????????? ??? ????????????????????????????
??????????????????????????????????????? ???????????????
???? ??????????????? ?????????? ????????????? ????????
??????????????????
??????????????????????????????????????????????????
??? ??? ????????? ???? ??????? ????????? ??? ??????????
?????????? ????? ????????? ??????? ????????????? ????????
????? ?????????????? ???? ?????? ??? ????????? ?????????
????????? ????? ?????????? ?????????? ????? ??????????
???????????????????????????????????????????????????




??? ???????? ?????????????? ????????????? ????????? ???
????? ??????? ???? ???? ???????? ????????????? ???? ???????
?????????? ?? ??????????? ???????? ??????????? ????????
???????????????????????????????????????????????
????? ?????????? ??? ????????? ??????? ???????? ?????
????? ???? ??????? ????? ??????????? ??????????? ?????????
????????? ???? ??????? ??????? ???????? ????? ?????? ??????
?????????????????????????????????????????????????????
??? ???? ??????? ?????? ????? ????????? ????? ????????????
??? ???????? ??? ??????????????? ???????? ?????????? ???
?????????????????????? ???????????????????????????????
?? ????????? ??? ?????????? ???????? ???????? ???? ??? ????
????????????????????????????????????????????????????
??????? ??????????? ???? ?????????? ??? ?????????
?????????? ????????? ????????? ??? ????? ???????????
??????????????????????????????
?????? ?????????????????????????? ???????????? ??? ?????
???????????????????? ??? ???????????? ????? ????? ?????
?? ?????? ????? ???? ???? ?????? ???????? ???????????????
??????? ?????????? ?????? ??? ????? ????? ???????? ????? ???
??????????????????????????????????????????????????????
?????????????????????????????????????????????????????
?? ???????????? ??????? ???????????? ???? ????? ????????
??????????????????????????????????????????????????
?????????????????????????????????????????????????????
????????? ??????? ??????? ???? ?????????? ????????????
????????????????????????????????????????????????????????
???????????? ?? ?????? ???????? ??? ????? ???????????





???? ????????????? ??????????????????????????? ????
???????? ??????????? ????????????? ?????????? ??????????
??????????????????????????????????????????????????3 
??????????????????????????????????????????????????
???? ???? ???? ????????? ??? ??????????????? ?????????
???????????????????3 ??????????????????
???? ???????? ??? ?????????? ????????????? ???????????
??? ???? ??? ????? ???????????? ??? ????????? ????????
????????? ????? ??????? ???????????? ???? ????????????
??? ????????? ???????????????? ????????? ??????
????????????????????????????????????????????????




?????????? ????? ???????? ????????? ??? ????? ???
???? ??????????? ????????? ?????????? ??? ??? ??? ????
????????? ?????????? ??????? ??? ?? ????????????
?????????? ??? ????? ??????? ?? ???? ??? ???? ??? ?? ???
??? ????????? ???? ????????? ??? ???? ??????? ??? ??????
??????????? ????? ???? ????????? ???????? ???? ????
???????? ?? ? ?????????????????? ??????????????????????
????????????? ??????? ????????????? ????? ?????????
??????????????????????????????????????????????????
??????????? ?????????? ?????????? ?? ???????? ????????
????????????????????? ?????????????????????????? ???
?????? ??? ????????? ?????????????????3? ???????????
????? ????????? ?????? ????????? ?????? ???? ????
??????????????????????????????????????????????????
?????????????????????????????????????????
???? ???? ???? ????????? ???????? ????? ??? ??????
?????? ?????????? ???????????????? ???? ???????? ???
????????????? ????????? ??? ???? ????????? ??????? ???
???? ????? ??? ??????????????? ????? ???????? ??????????
???????????? ??? ????????? ????? ???????????? ???? ???
?????????
???? ??? ????????? ?????? ???? ???????? ??????????
???? ??????? ???? ?????????? ???? ???????? ??? ??????????
??????????? ?????????? ??????? ?????? ????????? ?????
?????? ????? ??????????? ????????? ????? ?????????
????????? ???? ????? ??? ????? ?????? ???? ???????? ???????
??????????????????????????????????????????????
????????????????????????????????????????????????
???????????? ???? ???????? ??? ?????????? ???????????
????????????????????????????????????????????????
??????????? ????????? ????? ????? ???????? ????????
????? ??? ????? ?????? ???? ????? ??????? ??????? ???????
??????????? ??????????? ?? ????? ???????? ????? ???????
???????????????????????????????????????????????????
???????????????????????????????
Soledad Cuezva, Sergio Sanchez-Moral, Cesareo Saiz-Jimenez, Juan Carlos Cañaveras
International Journal of Speleology, 38(1), 83-92  Bologna (Italy). January 2009
??
Fig. 4. Detail of the colonizations: a) yellow-colored colonies, c) grey-colored colonies, and e) white-colored colonies. ESEM microphotographs of 
the microstructural organization of: b) yellow, d) grey, and f) white colonies.
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Fig .5. ESEM microphotographs of the microstructural organization of: a) yellow, c)  grey,  and e) white colonies. In detail, bundle of microorganisms 
of: b) yellow, d)  grey, and f) white colonies.
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Fig. 6. ESEM microphotographs of the mineral fabrics: a) small patch of CaCO3 rosette or nest-like aggregates, and disperse spheroidal elements 
(grey colony); b) continuous bed formed of CaCO3 rosette or nest-like aggregates with disperse spheroidal elements (white colony); c) and d) in 
detail, deposits of CaCO3 in rosette or nest (grey colonies); e) and f) spheroid elements of CaCO3 (grey and white colony respectively).
Microbial Communities and Associated Mineral Fabrics in Altamira Cave, Spain
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